Denickelification is a common phenomenon which occurs for alloy metal containing sufficient amounts of Nickel when it is exposed at high temperature in long time periode. One of the exampl is heat exchangers tube. The heat exchanger is a part of a processing unit that has a function of transfering heat from hot fluid to colder fluid through the combined mechanisms of conduction and convection. Failure on heat exchanger could affect to all of the processing systems. In this research, a leakage heat exchanger tube is investigated by failure analysis methods to find the root cause of failure. Several tests and examinations such as fractography, metallography examinations, SEM and EDS, hardnes as well as chemical compositions test are carried out to this tube to obtain detailed information for further analysis. The result of this reseach shows that some Cu residue, Ni, aggressive/corrosive ion such as Cl -and S 2-at the leakage area of the heat exchanger tube is found. This evidence indicated that denickelification occurred on the inner surface of the heat exchanger tube caused by the potential difference between Ni 2+ ion and Cu 2+ ion to form a galvanic cell. Furthermore, since the tube is flown by fluid material which contains aggressive/corrosive ions such as Cl -ion and S 2-then pitting corrosion on the inner surface of the tube is formed. This mechanism had been taken place continuously during operation of the heat exchanger and pitting corrosion keep growing until the tube leaks. 
PREFACE
The heat exchanger is an important equipment in oil and gas processing system. The function of the heat exchanger is to transfer thermal energy from one fluid (hot fluid) to another (cold fluid) through the tubes by conduction and convection mechanism [1] [2] [3] . In the oil and gas production system, heat exchanger (HE) is used to support the whole processing sequence of production from raw material to the final product. The most commonly used of HE in oil and gas industry is shell and tubes type because of several advantages such as: providing large heat transfer surface in a relatively small volume, good for high pressure operation, simple construction, relatively small space needed, and easy to be operated. The most advantages are this type of heat exchanger can be made by many kinds of materials correspond to the fluids, operational temperature and pressure [1] [2] [3] .
In most of oil and gas processing unit, a common material for HE tubes is made of Cupronickel (Cu-Ni 90/10 and Cu-Ni 70/30) alloys, which can be operated in the marine atmosphere. Cupronickel material has high corrosion resistance, good mechanical properties, high heat conductivity, and has good fouling resistance [4] . In this research, detail examinations are conducted for HE shell and tubes which are operated in an oil refinery system but leaks during normal operation. As a result, the whole refinery process was shut down and in order to make an exact follow up the action, deep failure analysis should be done as soon as possible.
The purpose of this research is to find out the root cause of failure including the mechanism of such failure was initiated and how the failure propagated so that similar failure can be prevented in the future.
MATERIAL AND METHOD

Material
The material of this research is taken from two leakage heat exchanger tubes made of Copper alloy which contains about 30 % weight Nickel element. Both tubes are cut from the same row of heat exchanger side by side in a straight position.
The exact position of both leakage tubes in the heat exchanger can be seen in Figure 1 . The position of the leakage tube on HE [1] .
Detail parameters are listed in Table 1 .
The photograph of two leakage heat exchanger tubes after cut from tubes bundle can be seen in Figure 2 . Two small pieces are cut as samples for further examination such fractography, metallography and Scanning Electron Microscopy examinations. Locations of cutting are exactly on the area of leakage. It can be seen from this photo that some deposits are found either on the inner surface or on the outer surface.
Material Specification and operational conditions of tubes investigated.
Technical data, main operational parameters and actual conditions of the straight tubes investigated can be seen in Table 1 . In addition, the position of material in the binary phase diagram between Cu and Ni is shown in the red doted line in Figure 3 . Figure 3 . Binary phase diagram of Cu-Ni [5] 
Research Method
Method of this research is implemented root cause analysis or fish bone diagram for failure analysis. All of the posssible causes to failure are observed such as wrong design, material out of specification, material defect, bad manufacturing process, wrong assembly work, wrong operational procedure and also bad maintenance program. All of those possibilities are observed, and then with scientific evidence found from testings and examinations, the root cause of failue can be decided.
Step by step examinations and tests are described in Figure 4 .
Detail examinations and tests consist of observation and data collection concern with cronology of operation until fail, visual inspection, macro fractography analysis, micro structure examinations, grain boundary measurement and hardness testing.
Another specimen is then selected for chemical composition analysis using an optical emission spectrometer. The specific specimen is also selected for micro fractography analysis, the examination is focused on the area of the hole and its surroundings.
Micro fractography is conducted by Scanning Electron Microscopy (SEM) which is connected with Energy Dispersive Spectroscopy (EDS) for further chemical analysis of deposit.
The first step of examination that has been done is visual inspection. The purpose of this inspection is to identify the exact position of failure related to the factors which may influence the formation of initial failure. This inspection is also observing the type of failure which can give valuable information for analysis.
The following examination is macro fractography analysis. This analysis is conducted by studying the contour of the surface fracture by stereo microscopy so that the point of initial fracture or failure can be determined and then from this point intensive suitable examinations are done.
When the initial failure has been found, further examinations are focused on this area including a hardness test, SEM and metallographic examination. Hardness tes is conducted to verify the current hardness properties to the available specification. The points of the test are selected in the area surrounding the failure/hole and compared with another area which is not damage. Method of testing is macro hardness vickers with 5 kgf load refer to SNI 19-0409-1989 standard.
Metallographic examinations are conducted to evaluate the alloy phase that has been formed and also to find any micro defect, micro crack or inclusions that may occur in this tube. The current condition of the microstructure is compared with a normal microstructure in the reference book for the same alloy. Therefore, any deviation of the microstructure can be identified and could give additional evidence for analysis to find the root cause of failure. Together with microstructure examination, grain size measurement can also be done to find evidence of overheating that can be indicated by the occurance of grain growth.
Chemical composition test using Optical Emission Spectrometric (OES) is the following step that conducted for checking the latest composition of the leakage tubes or to verify its composition with standard specification ASTM B-466 (C 71500).
To obtain more detail information concern with contour and conditions of failure surface, micro fractography analysis is conducted using Scanning Electron Microscopy (SEM) which can explore the image in three dimensions with higher magnification. SEM which is connected with EDS (Energy Dispersive Spectrometer) has the capability to detect and identify more detail for suspicious object, inclusion or any other elements on the surface.
Therefore, aggressive ion which has an important role in the cause of failure can be analysed. 
SEM and EDS analysis
Analysis of all testing and examinations result
RESULT AND DISCUSSION
Visual and Macro Fractography
The resultz of visual and macro fractography examination on the specimens show that some pittings and holes are found on each tube investigated. All holes are initiated from inside surface to outer surface ( Figure 5 to Figure 9 ). This result also shows the evidence of deposit that sticks to either the inner or outer surface of the tubes. The colour of deposit which presence around the pits or holes is green (Figure 5 to 9 ). 
Metallography examination result
Metallography examinations which are focused on holes surrounding area of location 1 and 2 can be seen in figure 10 to 15. The specimens are cut in cross section near the hole such as presented in Figure 10 . The purpose of metallographic analysis on location 1 and 2 is to confirm the result of observation on macro fractography concern with the presence of pitting, hole and deposit. The result of metallogrphic examination also confirms that all of the pitting, hole and deposits are existing. The deposit with green and brown colour is identified as residual Copper which is a result of the denickelification process of tube material Cu30Ni.
Examination result of the normal tube that taken from a location away from the hole has no deposit, no crack and no inclusions. The microstructure is typical of Cupro Nickel structure such as α-FCC (austenitic) with twin crystal of Cu-Ni (Figure 3) . The result of grain size measurements refers to ASTM E-112-13 [7] standard ( Figure  16 ) show that the tube investigated has average grainsize of 12,17 µm. While measurement on Copper deposit grain diameter has a value much higher than normal grain size (37 µm).
a b deposit
Although exposure of this material to a high temperature for a long time could promote grain growth the increasing of grain size has never been such high (12,17 µm grows to 37 µm). The only possibility to obtain the grain size much higher then normal grain is by melting and then followed by solidification mechanism. This evidence confirms that the red colour which is existed on microstructure is not grain growth of Copper base metal but Copper deposit which is coming from the denickelification process and then redeposits to the tube surface.
Hardness Test Result
Hardness test result that conducted on the straight tube to evaluate the current hardness value can be seen in Table 2 . Hardness test is conducted using macro hardness vickers with 5 kgf load. Hardness testing result indicated that the tube investigated has average hardness value in accordance with ASTM B-466 standard for 70Cu-30Ni (Copper-Nickel alloy) [4] .
Chemical composition examinations
Chemical composition test result of exchanger tube compared with its standard specification can be seen in Table 3 . This result indicated that the tube investigated is in accordance with ASTM B-466 for 70Cu-30Ni (Copper-Nickel alloy) [3, 4, 8] . 
The result of SEM and EDS examinations
The result of SEM examinations on the surface of the hole of leakage tube shows that this area is covered by deposit (Figure 18 ). Further examination on this deposit using Electro dispersive spectrometer (EDS) which is shooting on a small spot of deposit ( Figure  19 ) indicated the presence of Cu (31,81%) and Ni (6,99%) . Moreover, this analysis also confirm the existence of agressiv / corrosive ion such as S 2-(0,09%) and Cl -(10,22%) ( Table 4) . 
Denickelification Mechanism
Denickelification is one of the problems that found in heat exchanger tube especialy related to a hot spot that developed due to scale formation [6] . Denickelification is commonly found for Copper-Nickel alloy with high content of Ni such as 70Cu-30Ni (C71500), which is usually used as high pressure tube with low feed water flow and operated at a temperature higher than 100˚C but it has local high heat flux. In addition, denickelification is also taken place on a heat exchanger tube where hydrocarbon flows condensated at a temperature higher than 149˚C [7] [8] .
Denickelification is selective leaching corrosion which normaly occured on CopperNickel alloy with high Nickel content (Cu-30Ni Cupronickel). The real condition that can generate denickelification on heat exchanger tube can be explained as follows: In the normal condition Copper-Nickle alloy is easy to form oxide passive layer when contact with oxygen. During operation, heat exchanger tubes are exposed on high temperature for a long time. Under this condition, the scale may be formed on the surface, so that direct contact between Copper-Nickel alloy and Oxygen is limited, consequently the oxide passive layer which is formed is getting thinner and thinner, finally, this passive layer is torn and can not be formed anymore. At the same time, with the presence of scale the heat transfer process under the scale is not taken place properly, consequently, hot spot is occured under the scale, it means that temperature in this area is higher than other places. As a result, the thermogalvanic reaction occurs and the agressive corrosion cell in 70Cu-30Ni Copper-Nickel alloy is getting active to desolve Copper and Nickel out from the alloy through oxidation reaction such as [9] :
The following reaction then Cu 2+ ions are reducted become Cu metal. Because the tendency of Cu 2+ ions spells out from the solution is higher then Ni 2+ ions, so that Cu metal is then redeposited again to the surface of the tubes, and some of them fill the pits that had been formed previously [10] [11] [12] [13] [14] . As soon as denickelification is formed, those reactions are continues to form under this scale. As the scale remains exist this reaction keep on going until the hole is formed and the tube is leaked [15, 16] .
CONCLUSION
Base on the examination, testing result and discussion on the straight heat exchanger tube 301-PLE-6 it can be concluded that the material of this tube is in accordance with ASTM B-466 standard for C 71500 (70Cu-30Ni copper-Nickel). Moreover, the microstructure of this tube is also appropriate to the standard microstructure of CopperNickel alloy that is austenitic α-FCC.
Denickelification phenomenon that occurs in this tube is caused by the formation of scale on the inner surface of the tube that inhibits the formation of the passive oxide layer of the alloy. This condition is also promoting the local hot spot in a certain area. As a result, thermogalvanic reaction occurs and generates selective leaching corrosion to expel Nickel elemen out and redeposit
Location of EDS test
Deposit
Copper into the surrounding area. Several things can be done to prevent denickelification phenomenon, one of them is to avoid the formation of scale by conducting routine mechanical cleaning for heat exchanger tube and to control the speed of sea water flow above 1,524 m/s so that formation of scale can be hindered [16] . This phenomenon could occur for the alloy at an operational temperature higher then 149ºC [5] [6] [7] [8] .
